Abstract. By considering the problem of unbalanced tidal traffic flow on the road, reversible lane schemes were given. A reversible lane scheme selection model, which based on the BPR function, was formulated with decision variable of the number of reversible lanes and based on smallest energy consumption and emission costs with the consideration of delay, as well as solution algorithm. The influence of delay reversible lane scheme selection and energy consumption and emission costs were considered in the formulation of model. Using Ronghua Road as a case with simulation software VISSIM, model was verified and the environmental benefits of reversible lane scheme was discussed. The feasibility of model was verified by comparing the results between model calculation and simulation, and the reasonable scheme of reversible lane was calculated. The simulation results show that the delay has been reduced by 25.3s, and the costs of energy consumption and emission have been reduced by 44.6% after the implementation of reversible lane scheme considering environmental benefits. It also certifies that not only the delay is reduced but also the energy consumption and emission costs are reduced after the implementation of reversible lane scheme. Thus the environmental benefits are made.
INTRODUCTION
With the rapid development of economy and expansion of urban scale, many people choose to work in the center of the city and live in the suburbs. And with the relocation of urban residents, tidal characteristics of traffic flow has become increasingly obvious. Tidal traffic is that the traffic volume in the direction of rush into city are greater than the traffic volume in the direction of out of city in the morning peak, and on the contrary in the evening peak. Tidal traffic is a traffic problem in many cities. It makes the traffic flow in both direction of the road is not balanced, one of the direction is traffic congestion and the other direction is idle, resulting in waste of road resources.
In order to solve these problems, the reversible lane technology is introduced as an effective alternative. The reversible lane technology are widely regarded as one of the most cost-effective methods to increase the capacity of an existing roadway. The principle of reversible roadways is to configure the lanes of a roadway to match available capacity to the traffic demand. These roadways are particularly effective because they take advantage of the unused capacity in the minor-flow direction lanes to increase the capacity in the major-flow direction, thereby eliminating the need to construct additional lanes.
A lot of scholars put a great focus on research of reversible lane technical. Foreign scholars were dedicated to studying the practical applications for reversible lane: B. Wolshon studied the benefits and impacts of the reversible lane by using specific examples [1] ; In order to eliminate conflict points between reversible lane and intersection, the optimization model of evacuation network based on the reversible lane is constructed [2] . H. Matthew used a bilevel programming model to study the control system of optimal configuration of reversible lane, and verified that the reversible lane can increase the maximum traffic capacity of the road [3] . A. Golub 
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Scheme evaluation index
The tidal traffic has results in environmental costs associated with vehicle delay, and energy consumption and emissions produced by vehicles for each reversible lane scheme are different. Therefore, vehicle delay and energy consumption and emissions should be considered so as to choose the optimal scheme.
Delay
Road impedance function, also known as volume-delay function, is an expression used to calculate the travel time along a road section. This function reflects the impact of congestion on travel time. Among all the road impedance function, the BPR function developed by FHWA is most representative and most commonly used. The BPR function is expressed as:
Where t is travel time along a road section, (s); t 0 is the travel time without traffic on the section, (s); V is traffic volume (veh/h) and C is the capacity of the road section, (veh/h); α, β are parameters. As for urban roads, the default values are α=0.15 and β=0. 4 .
The delay t d is the travel time minus the time of free flow t 0 , so the formula of delay is expressed as:
The formula of total delay for all vehicles in the two directions is expressed as:
Where: variables for major and minor direction are labeled with a and a', respectively; n and n' are the original number of lanes in major and minor direction; C a and C a ' are the total capacity of major and minor direction; c a and c a ' are the single lane capacity of major and minor direction; V a and V a ' are the traffic volume for major and minor direction; ∆n represents the number of lanes adjusted. The meaning of other variables are the same as defined above. In order to make ∆n as a decision variables into the formula of delay, the road capacity is simplified as the sum of single lane capacity in formula (4) and (5).
The costs of energy consumption and emissions
Considering that the energy consumption of vehicles with different emissions are different and the proportion of vehicles with different emissions on the road is also different, so the function of energy consumption and emissions costs can be established based on them. Energy consumption costs(U L ) is defined as the product of the vehicle energy consumption and the energy price(N L ), and the energy consumption is defined as the product of the vehicle hourly energy consumption(L i ) and the travel time(T) on the road. The costs of treating emissions(U E ) is defined as the product of the volume of vehicle emissions and the price of treating emissions per unit(N E ), and the volume of vehicle emissions is defined as the product of the volume of hourly emissions(E i ) and the travel time (T) on the road. Thus, the energy consumption costs function and the emissions costs function are:
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Where β 1 , β 2 , β 3 , β 4 
THE MODEL OF REVERSIBLE LANE SCHEMES SELECTION
The reversible lane schemes selection model is established based on the function of energy consumption and emissions costs. The model is formulated with decision variable of the number of reversible lanes. The energy consumption and emissions costs is the objective variable for evaluating the efficiency of the scheme. The objective function is:
min U=U L +U E ( 1 1 ) Where: U represents the costs of energy consumption and emissions (RMB). The capacity of the road must meet the traffic demand in both major and minor direction. The bounds for it is:
( 1 3 ) The number of reversible lanes is not more than the number of original lanes in both major and minor direction. The bounds for it is:
THE SOLUTION PROCEDURES OF THE MODEL
Step 1: According to the number of road lanes, all reversible lane schemes for the road are given.
Step 2: Judging whether the present situation of the road satisfy the following three conditions: (1)there is no hard central separators on the road and the number of road lanes is more than 3; (2)the value of directional distribution factor is more than 2/3; (3) the section saturation of major direction reached 0.8.
Step 3: If the above conditions are satisfied, the value of ∆n will be selected, otherwise the schemes selection of reversible lane will not be carried out.
Step 4: After selecting of reversible lane schemes, determining whether the capacity of major and minor directions meet the actual traffic demand after conducting reversible lane scheme according to the formulas from (4) to (7) . If the road capacity of two directions meet the actual traffic demand, then go on the next step, or return to step3. If the above conditions fail to hold for all schemes, the reversible lane will not be set.
Step 5: Using formulas from (3) to (10) to calculate delay and the costs of energy consumption and emissions, and then compare the calculation results of each scheme so as to choose the optimal scheme, which has smallest energy consumption and emissions costs.
CASE STUDY AND SIMULATION
Using Ronghua Road in Beijing as an example to test the feasibility of the model and assess the effects of reversible lane scheme. Ronghua Road is an urban arterial with six-lane, the design speed of 60 km/h and the actual single lane capacity is 1400 veh/h. The traffic volume in major and minor direction in the morning peak are 3700 veh/h and 1600 veh/h, respectively.
Reversible Lane Schemes
There are two reversible lane schemes (∆n=1 and ∆n=2) for Ronghua Road according to Tab.1. The present situation of the road satisfy the following three conditions: there is no hard medial strip on the road (in Fig.2 ) and the number of road lanes is more than 3; the directional distribution coefficient is 0.68 (greater than 2/3); the section saturation of major direction reaches 0.8.
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The before-and-after comparison analysis is conducted in VISSIM to test the feasibility of the model and assess the effects of reversible lane scheme. Tab.3 shows the simulation results. As can be seen from Tab. 3, the optimal reversible lane scheme is ∆n=1, which has minimum delay and smallest energy consumption and emissions costs. The model calculation results in Tab.4 show that the delay is reduced by 30.4s, the costs of energy consumption and emissions caused by delay are reduced by 56.3%, and the total costs of energy consumption and emissions are reduced by 21.3% after the implementation of reversible lane scheme ∆n=1.
The simulation results in Tab.4 show that the delay is reduced by 25.3s, the costs of energy consumption and emissions caused by delay are reduced by 44.6%, and the total costs of energy consumption and emissions are reduced by 17.2% after the implementation of reversible lane scheme ∆n=1.
Both the model calculation results and the simulation results show that the optimal scheme is ∆n=1 and both the delay and total costs of energy consumption and emissions are reduced after the implementation of reversible lane scheme. So the model of reversible lane schemes selection has certain feasibility, which is proved accurate by simulation results. To assess the effects of reversible lane scheme, the measure selected for comparison is delay. Tab.5 shows the value of vehicle delay before-and-after the implementation of optimal reversible lane scheme. Fig.4 illustrates the changes of average vehicle delay before-and-after the implementation of the reversible lane scheme.
It can be seen from Tab.5 that the delay of major direction is reduced from 41.5s to 16.3s(56%) after conducting the optimal reversible lane scheme, and the delay of minor direction is changed a little. It also can be seen from Fig.4 that the average vehicle delay in major direction has decreased apparently after the implementation of the reversible lane scheme in the conditions of not balanced traffic volume, and the average vehicle delay of minor direction increased but slightly. The improvement in operation indicates that the reversible lane scheme is an option for solving tidal traffic problems. Therefore, the costs of energy consumption and emission also reduced, it shows that reversible lane scheme has also made environmental benefits. 
CONCLUSION
In this paper, the reversible lane scheme selection model which based on the BPR function was proposed. A mathematical model were formulated with decision variable of the number of reversible lanes. In this model, both vehicle delay and the costs of energy consumption and emissions were taken into account for reversible lane scheme selection. Using Ronghua road to study the feasibility of the model, and micro-simulation tests were also performed. The simulation results confirmed that the model has feasibility, and also showed that both the vehicle delay and the costs of energy consumption and emissions were decreased after the implementation of reversible lane scheme. So the study show that the implementation of reversible lane scheme can obtain environmental benefits. 
